Objective: To examine whether characteristics of children and adolescents who start lifestyle intervention (LI) for obesity in Germany changed over the last decade. Methods: 65,453 subjects (<21 years) from the APV database (Adiposity Patients Registry) with a BMI ≥ 90th percentile were included (years 2005-2015). Logistic regression models (confounders: age, sex, migration background) were created for overweight, obesity, extreme obesity, and obesity- 29.0%) in the whole study population. Trends were similar for inpatient or outpatient care (all p < 0.001). Hypertension increased from 45.7% to 49.2% in the whole study population, and similar data were obtained in the subgroup of inpatients (both p < 0.0001). Dyslipidemia increased in all patients (2005: 21.9%; 2015: 28.0%) and in inpatients (2005: 20.2%; 2015: 25.7%; both p < 0.0001). Abnormal carbohydrate metabolism rose in all patients (from 5.2 to 6.4%; p = 0.0002) without significant trends in subgroups. Conclusion: During the last decade, children and adolescents presented with higher BMI SDS at the onset of LI and the proportion with obesity-related comorbidities increased. Particularly the presence of comorbidities differed between outpatients and inpatients.
Introduction
Based on the German Health Interview and Examination Survey for Children and Adolescents (KiGGS) (n = 17,641), it is estimated that 14.8% of children and adolescents (2-17 years of age) in Germany are overweight, including 6.1% obese subjects [1] . Overweight and obesity in children and adolescents can lead to serious health impairments [2] . Aside adverse emotional (e.g. depressive symptoms, low self-esteem) [3] and physical consequences (e.g. impaired balance, orthopedic problems) [2] , there is an increased risk of cardiovascular disease [4] and type 2 diabetes [5, 6] . Studies also reported a high risk for tracking obesity and its associated metabolic changes from childhood to adulthood [7] which increases the risk of disease, disability, and premature death. Furthermore, it causes a high economic burden for the national health system [8, 9] .
In Germany, several forms of lifestyle interventions (LI) for obesity are available in the outpatient as well as in the rehabilitation sector. In a study analyzing 1,916 children (8 to <16 years of age) from 48 institutions (5 rehabilitation, 43 outpatient centers) in Germany, the short-term success (1-year-follow-up) was as lower as more obese the children were [10] . The authors also stated a higher success rate in younger children [10] . Similar results were indicated by another study with 2-year follow-up [11] . This emphasizes the importance of an early and effective intervention in childhood obesity.
The utilization of behavior-based obesity therapy depends on motivation and acceptance in both patients and family [12] , on the availability of LI [13] as well as on financing by health insurance or pension funds. All these determinants may change over time.
We examined whether characteristics of children and adolescents who start obesity treatments funded by statutory health insurance / pension funds in Germany changed over the last decade.
Material and Methods

Patients and Data Documentation
Data were provided by the Adiposity Patients Registry (APV), a standardized multicenter database for prospective documentation of anthropometric and metabolic parameters in overweight or obese children and adolescents. The APV is used by centers from Germany, Austria, and Switzerland specialized in obesity care for pediatric subjects. Anonymized data are transmitted from participating APV centers to Ulm, Germany, and aggregated into a cumulative database for clinical research and quality assurance [14, 15] . Semi-annually, implausible and inconsistent data are reported back to the centers for verification or correction. The APV initiative is authorized by the Ethics Committee of the University of Ulm, Germany.
Until April 2016, 100,746 patients from 202 centers were registered in the APV. Overweight patients (BMI ≥ 90th percentile) under the age of 21 years and documentation between the years 2005 and 2015 were included in this analysis. Due to country-specific health systems and a low number of patients from Austria or Switzerland, only patients from Germany were included, resulting in 65,453 subjects from 182 centers ( fig. 1 ). 25,001 children were treated in outpatient centers (n = 155) and 40,452 children in inpatient rehabilitation units (n = 27). The number of included children and adolescents, stratified by treatment modality and calendar year, is illustrated in table 1 .
Anthropometric Measurements and Biochemical Parameters
BMI was given as standard deviation score (SDS), using nationally representative reference values [16] . Overweight was defined as a BMI ≥ 90th to <97th percentile, obesity as a BMI ≥ 97th to <99.5th percentile, and extreme obesity as a BMI ≥ 99.5th percentile for age and sex [16] . To define hypertension, the 95th age-and sex-specific percentile of the KiGGS study was used [17] . Dyslipidemia was defined by at least one abnormal lipid value (total cholesterol (C) and LDL-C >95th percentile, or HDL-C <5th percentile [18] ). Systolic and diastolic blood pressure as well as serum lipids were measured in local laboratories according to national guidelines [19] . An abnormal carbohydrate metabolism was defined as a fasting glucose level ≥ 100 mg/dl or 2-hour glucose level ≥ 140 mg/dl [20] . Additionally, the number of patients with at least one comorbidity was analyzed. For each patient, the records during the first month after their initial visit were analyzed.
Statistical Analysis
Descriptive statistics were implemented for the whole study population and separately for patients treated in rehabilitation or outpatient centers. Sociodemographic and clinical characteristics were presented as median (Q1; Q3) or as percentage. The percentage of patients with comorbidities refers to the number of Logistic regression models, adjusted for age, sex, and migration background (the child or at least one parent was born outside of Germany) were applied for dichotomous variables (weight categories, hypertension, dyslipidemia, abnormal carbohydrate metabolism, and proportion with at least one comorbidity). Logistic models for comorbidities were additionally adjusted for weight category.
Results of regression models were given for the whole study population and separately for rehabilitation and outpatient care. Moreover, analyses were conducted to identify different trends in age groups (<11 years / ≥ 11 years) or according to gender. The number of patients with at least one comorbidity was further stratified by weight category. Adjusted estimates of each year (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) based on the overall model were calculated. P values for trend were calculated with calendar year as continuous variable.
A two-sided p value < 0.05 was considered significant. All statistical analyses were implemented with SAS 9.4 (Statistical Analysis Software; SAS Institute, Cary, NC, USA).
Results
Study Population
The final study population comprised 65,453 children and adolescents (n outpatient = 25,001; n inpatient = 40,452). At the onset of LI, 34.2% were overweight, 52.3% obese, and 13.5% extremely obese ( table 3 ) . Unadjusted data indicated a higher proportion of extremely obese children and adolescents in outpatient centers compared to inpatient centers (14.6% vs. 12.8%; p < 0.0001). In the whole study population, hypertension was most frequent (47.6%), followed by dyslipidemia (25.1%), and an abnormal carbohydrate metabolism (6.6%). Obesity-related comorbidities were more frequent in children treated in outpatient centers compared to those treated in rehabilitation centers (p < 0.05). More information on the study population and on differences between patients are summarized in table 3 .
Weight Category -Time Trends
Logistic regression revealed an increase of patients classified as obese ( ≥ 97th to <99.5th percentile) from 50.3% in 2005 to 55.1% in 2015 (p < 0.0001) in the whole study population. (p < 0.0001). A decline was seen in patients from outpatient as well as from rehabilitation centers (both p < 0.001) ( fig. 2 a) .
Trends for Obesity-Related Comorbidities
Findings from logistic regression models for trends in the prevalence of obesity-related comorbidities at the beginning of LI, adjusted for demographics and weight category, are ( fig. 3 a) . Dyslipidemia increased in the whole study population from 21.9% to 28.0% and from 20.2% to 25.7% in rehabilitation-treated patients (both p < 0.0001). In outpatient-treated patients, no significant trend was present (p = 0.2112) ( fig. 3 b) . Children and adolescents with an abnormal carbohydrate metabolism became more frequent during the last decade (from 5.2% to 6.4%; p = 0.0002). No significant trend was found in patients from inpatient or outpatient centers (p outpatient = 0.2055; p rehabilitation = 0.0723) ( fig. 3 c) .
Number and Trends of Patients with at Least One Comorbidity
56.2% of the whole study population had at least one comorbidity. Stratified by weight category, the proportion was lowest in overweight patients (46.3%), followed by obese (59.9%) and extremely obese patients (66.0%). The number of overweight and obese subjects with at least one comorbidity was higher in outpatient compared to inpatient centers (49.2% vs. 44.7%; 62.2% vs. 58.6%). In extremely obese patients, a higher comorbidity prevalence was found in patients from rehabilitation units (68.8% vs. 61.8%).
The logistic regression model revealed an increase of patients with at least one comorbidity from 53.1% to 60.0% in the whole study population, and from 50.9% to 59.9% in inpatient centers (both p < 0.0001). The increase in outpatients was negligible (59.3% to 59.8%; p = 0.2883). Stratified by weight category ( fig. 4 a-c) , a rise was observed in overweight (from 40.0% in 2005 to 50.9% in 2015) and in obese patients (from 57.8% to 62.4%; both p < 0.0001), but not in extremely obese subjects (69.6% vs. 71.0%; p = 0.0533). These trends were also valid when focusing on inpatient centers, but not when only outpatients were analyzed ( fig. 4 a-c) .
Trends for Weight Category and Comorbidities Stratified by Gender
Regression analysis revealed an increase of obese subjects starting LI in boys (from 51.5% to 55.8%; p = 0.0002) as well as in girls (from 49.2% to 54.5%; p = 0.0022). The number of extremely obese patients initially decreased, and then increased until the year 2015. This trend was present in both sexes (boys: 12.2% (2005) Similar to the results for the whole study population ( fig. 3 a) , hypertension increased during the first years and then decreased again. This pattern was present in boys (46.9% (2005), 56.4% (2012), 51.3% (2015); p < 0.0001) and in girls (44.7% (2005), 54.3% (2013), 46.8% (2015); p < 0.0001). Dyslipidemia became more frequent in boys (23.3% vs. 32.1%), and in girls (20.6% vs. 24.9%; p < 0.0001). The proportion with an abnormal carbohydrate metabolism slightly increased in both sexes (boys: 4.9% vs. 6.6%; p = 0.0041 / girls: 5.4% vs. 6.2%; p = 0.0506). The number of patients with at least one comorbidity increased from 54.4% to 63.1% in boys, and from 52.0% to 56.6% in girls (both p < 0.0001).
Trends for Weight Category and Comorbidities Stratified by Age Group
In the younger children (<11 years of age), the number of obese children at the onset of LI increased non-significantly from 45.4% to 52.8% (p = 0.0774). In subjects ≥ 11 years of age, the proportion increased from 52.4% to 55.7% (p < 0.0001). Extreme obesity became more frequent in both age groups (<11 years: 22.6% vs. 23.7%; ≥ 11 years: 10.0% vs. 12.8%; p < 0.0001). Overweight decreased in children <11 years of age from 30.8% to 23.2%, and in ≥ 11-year-olds from 37.3% to 31.7% (both p < 0.0001).
The prevalence of hypertension initially increased and then declined in both age groups (<11 years: 44.8% (2005) increased from 23.8% to 26.1% (p = 0.0053) and from 22.0% to 29.0% in ≥ 11-year-olds (p < 0.0001). A non-significant decline in the number of children with an abnormal carbohydrate metabolism was found in <11-year-olds (5.0% vs. 4.2%; p = 0.8513), whereas in subjects ≥ 11 years of age, this comorbidity became more frequent (5.4% vs. 7.1%; p < 0.0001). The percentage of children and adolescents with at least one comorbidity showed a higher increase over time in older children ( ≥ 11 years: 54.0% vs. 61.8%; p < 0.0001) than in younger ones (<11 years: 53.1% vs. 53.8%; p = 0.0016).
Discussion
The present analysis shows significant changes in patient's characteristics at the onset of LI for obesity over the last 11 years. Furthermore, different trends were detected for patients treated as outpatients or inpatients, as well as for age groups or gender.
During the last decade, the proportion of overweight children and adolescents at the beginning of LI decreased, whereas the number of obese patients increased. The trend in patients with extreme obesity is less clear ( fig. 2 a-c) . Previous studies indicated that a lower BMI at the beginning of a LI is one predictor of success as measured by BMI SDS [10, 11] . However, the indication to participate in an outpatient or inpatient LI depends on obesity degree and existing risk factors or comorbidities ( table 4 ) [21, 22] . According to these criteria, a LI is only indicated in overweight children and adolescents with at least one additional comorbidity. This applies to 46.3% of our study population. Overall, the most common comorbidity was hypertension (2015: 49.2%), followed by dyslipidemia (2015: 28.0%), and an abnormal carbohydrate metabolism (2015: 6.4%). In our study population, the percentage of subjects with an abnormal carbohydrate metabolism is (of unknown reasons) lower compared to, e.g., that of the Swedish childhood obesity treatment registry BORIS showing a prevalence of 17.1% [5] . In contrast to other studies, the prevalence of hypertension in our study population is high [23, 24] . This can be explained by the high percentage of obese and extremely obese patients, and the use of KiGGS reference values for definition of hypertension [25] .
The number of patients with at least one comorbidity increased by weight category (46.3% vs. 59.9% vs. 66.0%). The differences are in line with results of the Swedish BORIS or the American POWER (Pediatric Obesity Weight Evaluation Registry) registries indicating an association between the degree of obesity and a higher risk of cardiovascular risk [5, 26] . Over the last decade, the proportion of patients with overweight or obesity and at least one comorbidity at the beginning of LI increased ( fig. 4 a-c) . In extremely obese patients, the percentage remained on a constantly high level. One reason for the increment could be that German health insurance is more rigorous in reimbursement decisions. It is also possible that parents and their children decide to participate in LI at a later stage. Moreover, the number of APV centers differs in the course of the observation period and more centers with higherrisk patients may participate in the APV initiative during recent years.
Stratified by outpatient or inpatient treatment, dyslipidemia and an abnormal carbohydrate metabolism were more frequently found in outpatient centers. This remains stable between the years 2005 and 2015 ( fig. 3 b-c) . Considering patients with at least one comorbidity stratified by weight category, the proportion of overweight or obese patients with at least one comorbidity was higher in outpatient compared to inpatient centers (49.2% vs. 44.7% and 62.2% vs. 58.6%). In extremely obese patients, inverse results were found (61.8% vs. 68.8%). Regarding changes over time, the number of overweight or obese patients with at least one comorbidity increased in inpatient, but not in outpatient centers ( fig. 4 a-c) .
In Germany, reimbursement for a LI in outpatient or inpatient centers is very different. Outpatient LI for obesity can be covered by statutory health insurance [27] . In the year 2004, a consensus paper was developed that should facilitate the assessment of treatment programs and provide orientation for reimbursement [28] . The decision depends on medical, mental, and social conditions, and training programs need to meet several evaluation criteria comprising concept quality as well as structure, process, and outcome quality [21, 22, 28] . The fulfilment of those criteria is a precondition for potential reimbursement by statutory health insurances. Moreover, the efficacy and efficiency of training programs have to be demonstrated. Several systematic reviews indicated a beneficial effect of training programs on BMI. However, due to unexplained heterogeneity of studies included and potential study bias, results have to be interpreted cautiously [29] [30] [31] . Despite the necessity to proof sustainable improvements, the willingness to finance such analysis appears to be limited. Therefore, studies examining the long-term effects of German training programs are still scarce, and thus financing of a LI remains difficult. A statement of the National Association of Statutory Health Insurance Funds for an updated version of the consensus paper was published in 2015 [32] . According to these recommendations, indication to participate in a LI for overweight or obese children and adolescents should only be given after an unsuccessful treatment by a pediatrician according to current guidelines [21, 32] . The financing of inpatient rehabilitation treatment is usually covered by pension funds [33] . Similar to the outpatient sector, the reimbursement depends on personal characteristics (e.g. sufficient physical and mental resilience), and on the quality of the rehabilitation units [34] . Apart from the financing system, differences in the completeness of information on comorbidities ( table 2 ) could be attributed to the differences between outpatients and inpatients. Large differences and fluctuations during the last 11 years could be observed in both within a particular treatment modality as well as between treatment modalities. For example in 2009, information on blood pressure was available for 93.9% of inpatient-treated subjects but only for 75.2% of the outpatients. In contrast, in 2014, the completeness was lower in inpatients (60.0%) compared to outpatients (78.4%). Regarding the last 11 years, the number of documented inpatient-treated children and adolescents decreased, whereas the number of outpatient-treated patients increased in the APV database ( table 1 ) . Especially, trends in the number of patients with at least one comorbidity differed between outpatient and inpatient subjects. Whereas in inpatients, an increase was observed, no trend was indicated in outpatients ( fig. 4 a-b) . Possibly, the number of inpatient-treated subjects became lower but those treatment-seeking patients have a worse cardiovascular risk profile.
We further identified differences in gender and age groups (<11 years vs. ≥ 11 years). Although the overall trends are comparable in gender or age groups, we found differences in the absolute frequencies. At the onset of a LI, boys were more frequently classified as obese or extremely obese compared to girls, and comorbidities were more prevalent. A review indicated that body satisfaction and well-being is more reduced in obese girls compared to boys and that obese females are more disliked and negatively rated by their peers compared to obese males [35] . Maybe, the higher social pressure could be one explanation for the earlier onset of LI in girls. Regarding age groups, a higher prevalence of extreme obesity at the beginning of a LI was present in the younger (<11 years of age) compared to the older children ( ≥ 11 years of age) (year 2015: 23.7% vs. 12.8%). In contrast, comorbidities were more frequently documented in patients ≥ 11 years of age. The higher prevalence of obesity-related comorbidities can be partly explained by a longer duration of overweight/obesity in older children which is associated with a higher risk for hypertension or dyslipidemia [36] .
Strengths and Limitations
The study benefits from the large number of patients and the multicenter design. Another strength is the application of the same documentation software since 2005. Furthermore, detailed information on patients is documented in the APV to control for potential confounders. However, due to the multicenter nature of data collection, variability in the measurements of BMI as well as of biochemical parameters cannot be excluded despite standardized procedures. Another limiting factor could be that in 90% of the patients, blood pressure and laboratory data are measure only once. This might have resulted in e.g. somewhat higher values of blood pressure, also known as 'white coat effect'. Moreover, it is unclear whether or not serum lipids were determined under fasting conditions. Furthermore, some clinical characteristics were not completely documented in all patients, and completeness also differs between treatment modalities. Another limitation is that the number of participating centers varies between the years. Therefore, a selection bias could be possible.
Conclusion
The number of obese children and adolescents starting a LI increased, and the proportion of patients with obesity-related comorbidities became higher. Therefore, more patients with unfavorable prospects of success started therapy during recent years, reflecting later instead of earlier structured LI. Boys were more obese and had a higher prevalence of comorbidities at the onset of a LI compared to girls. In younger children, extreme obesity was more frequent and comorbidities less frequent compared to older children. Especially trends regarding the presence of at least one comorbidity differed between outpatient and inpatient treatment centers. This can be partly explained by different financing systems or a switch in available treatment options.
